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Figure 7.1. Map of IGMETS-participating Indian Ocean time serieson a background of a 10-year time-window (20034 2012) sea surface

temperature trends (see also Figire 7.3). At the time of this report, the Indian Ocean collection consisted of 10 time series (coloured

symbols of any type), of which two were Continuous Plankton Recorder surveys (blue boxes) and one was estuarine (yellow star).

Dashed lines indicate boundaries between IGMETS regions. Uncolaured (gray) symbols indicate time series being addressed in a dif-

ferent regional chapter (e.g. Southern Ocean, North/South Pacific, South Atlantic). See Table76 + wi OUWE wODUUDOT wdi wli DU
ing sites. Additional information on the sites in this study is presented in the Annex.
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Figure 7.2. Major Indian Ocean Currents (adapted from Schott et al, 2009. a) Late N ortheast Monsoon (Marcht April) ; b) Late South-
west Monsoon (September October).
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7.1 Introduction

With a southern boundary historically ranging from
60°Sto the Antarctic continent, the Indian Ocean is the
fourth largest ocean with an area of up to 74 million km 2.
As the IGMETS analysis requred non-overlapping
ocean regions for its spatiotemporal trend calculations,
and likewise could only assign eachtime seriesto a sin-
gle region, a boundary of 45°S was used to define and
separate the Indian Ocean region from the Southern
Ocean region. This modified area, ca. 7800 km wide and
stretching from about 25°N to 45°S, hal an area of
56.8million kmz2 Unlike the North Atlantic and North
Pacific oceans, the Eurasian landmass in the north pre-
cludes high-latitude cooling of surface waters in the
northern Indian Ocean. There is, however, some low-
latitude exchange of water between the Pacific and Indi-
an oceans via the Indonesian Throughflow. The only
large shelf areas are the shallow seas north of Australia,
which are regions of strong tidal dissipat ion. There are a
number of significant meridional ridges and several
deep basins extending below 5000m. Within the Indian
Ocean, there are several marginal seas, gulfs and bays,
with the Indian subcontinent separating the two most
prominent, namely the A rabian Sea and the Bay of Ben-
gal. The Arabian Sea, extending between roughly 10t
23°N and 51 74°E, reaches depths>3000m over most of
its areaand has two important regions: the Gulf of Aden
to the southwest, connecting with the Red Sea, and the
Gulf of Om an to the northwest, which connects with the
Persian Gulf. The Bay of Bengal, which occupies an area
of 2 172000km?, receives input from a number of rivers,
the most important being the Ganges Brahmaputra river
system.

This river system delivers large quantities of sediment to
the Bengal Fan, which causes depth in the Bay of Bengal
to decrease gradually from 4000m south of Sri Lanka to
A2000 m at 18°N (Tomczak and Godfrey, 2003; Galy et
al., 2007).The circulation of the northern Indian Ocean is
domin ated by the monsoons and their seasonal switch-
ing between strong southwest winds during June
September and weaker northeast winds in October¢
March (Talley et al, 2011). The winds drive a reversal of
the surface currents in both the Bay of Bengal and Ara-
bian Sea (Figire 7.2). In particular, the western bounda-
ry current in the Arabian Sea, the Somali Current, flows
northward in boreal summer and then reverses to flow
largely southward in boreal winter. The summer pattern
of wind and current stimulates a stro ng current and
upwelling along the coast from Somalia to Oman (Beal
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and Chereskin, 2003). The northern hemisphere summer
monsoons provide intense rainfall between 10+ 20°N and
70t 120°E, which is of considerable importance to agri-
culture in the region. The tropical southern Indian
Ocean typically has a wet monsoon between November
and March that produces rainfall around 54¢10°S and
across the entire basin. In contrast, the austral winter
(April $ October) monsoon creates some upwelling along
the west coasts of dva and Sumatra (Wyrtki, 1962) that
tends to be strongest during El Nifio events (Susanto et
al., 2001). The Agulhas Current is a strong western
boundary current that transports 70 Sv poleward at 31°S,
with flow that varies from 9 to 121 Sv at velocities of up
to 2m st at 35°S (Boebekt al, 1998; Brydenet al, 2005).
As the Agulhas Current reaches the southern tip of Afri-
ca, most of the water is reflected to the east by the
westerly wind drift 2 (Lutjeharms and van Ballegooyen,
1988) along the subtropical front (STF). However, a
modest volume of warm, saline Indian Ocean water is
transported into the South Atlantic through the Agulhas
leakage. It has been suggested that the Agulhas leakage
is an important component of the clima te system (Bealet
al, 2011). The STF is a long narrow feature stretching
from the east coast of South America, through the South
Atlantic, Indian , and South Pacific oceans to the west
coast of South America. It separates the warm, salty sub-
tropical waters from colder, fresher Antarctic waters.
The STF region is high in eddy kinetic energy and de-
velops large coccolithophorid blooms in summer (Balch
et al, 2011 2016).

The Leeuwin Current forms the eastern boundary cur-
rent for the Indian Ocean and is unusual, as it flows
poleward albeit with much less volume ( ca. 5Sv) than
the Agulhas Current (Godfrey and Ridgway , 1985). The
poleward flow of warm, fresher water typically peaks in
May or June (Figure 7.2). The buoyant Leeuwin Current
also flows eastward through the Great Australian Bight
along the south coast of Australia in winter suppressing
upwelling along its length (Ridgway and Condie , 2004).
The oligotrophic southern Indian Ocean central gyre has
previously been estimated to be growing in size in re-
sponse to climate drivers (Jenaet al, 2013; Signorini et
al,, 2015).
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Figure 7.3. Annual trends in Indian Ocean sea surface temperature (SST(a) and sea surface chlorophyll (CHL) (b), and correlations
between chlorophyll and sea surface temperature for each of the standard IGMETS time-windows (c). See?Methods? chapter for a
complete description and methodology used.
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7.2 General patterns in temperature and
phytoplankton biomass

For the entire Indian Ocean, the overwhelming trend in

temperature has been upwards (Figure 7.3; Table 7.1).
During 19832012 ca. 98% of the Indian Ocean was
warming, 81.% showed a significant temperature in-
crease >0.1and A0.5°C decadé (Table 7.1). This was the
greatest proportion of warming for any ocean on the

planet (Chapter 10) and is associated with a range of
climate cycles including the relatively long positive

phase of the Interdecadal Pacific Oscillation (Han et al,
2014). Over this same time-period, only 0.5% of the Indi-
an Ocean was found to be significantly cooling (Ta-
ble 7.1).

The analysis over multiple 5-year time-windows shows
that temperature changes were more rapid and more
variable over shorter intervals (Table 7.1; Figure 7.3). For
example, 19.2%6 of the Indian Ocean was warming at a
high rate of > 1.0°C decadée?! over the 5-year window
(200& 2012), but this rate was not observed over the 15
year time-window (19981 2012). Between 2008 and 2012
the statistically significant rates of warming ranged from
$1.0 to +1.0°C decadé! (Figure 7.4a). Over the longer
temporal window from 1983 to 2012, these rates tended
to be 5t10fold less variable ranging from +05 to
+0.5°Cdecade! (Figure 7.4b). Notwi thstanding the in-
fluence of statistics itself, the declining variability in the
rate of temperature changes suggests that the shorter
term climate cycles predominately have periods that are
less than 30years. Consider that the proportion of the
Indian Ocean warming rose 0.75%year!! as the time
series lengthened from O to 20years, then only
0.23%yeart! as the time series was extended another
10years (Table 7.1). The slowing in the spatial expansion
and consolidation of the rate at an intermediate value
suggests that the variability associated with shorter -term
climatic signals in the Indian Ocean (e.g. Indian Ocean
Dipole, El Nifio Southern Oscillation) is reduced when
using a linear model and more than 20 years of data.

More than 79% of the Indian Ocean experienced a de-
cline in surface chlorophyll a over the 15year time-
period from 1998 to 2012, while only 20.3% had an in-
crease (Figire 7.3). The proportion of the Indian Ocean

experiencing a decline in chlorophyll awas the greatest
for any ocean (Table7.1; Chapter 10) and highly corre-

lated with warming (Fig ure 7.3). The main areas of cool-
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ing and increasing chlorophyll a were associated with
just four regions: (i) the Arabian Sea and surrounding
areas (Red Sea and PersianGulf), (ii) along the south-
west coasts of Sumatra andthe Sunda Islands, (iii) south
from Madagascar, and (iv) along the subtropical front
(STF) atca. 40t45°S (Figire 7.3). The spatial pattern of
increasing chlorophyll a tended to vary depending on
the temporal window considered , but was arguably
most consistent along the STF.

There was significant cooling in the Red Sea, Arabian
Sea, Persian Gulf and along the coasts of Oman and
Yemen between 1998 and 2012 (Figre 7.3). AlImost none
of this regional cooling was evident over the longer 30-
year time-window, suggesting that it was strongly influ-
enced by relatively short climatic cycles such asthe Indi-
an Ocean Dipole (IOD) and ENSO. It is also possible that
this regional cooling was caused by greater seasonal
upwelling associated with an increased frequency of
stronger IOD and ENSO events that were predicted as a
response to climate change (Caiet al, 2015).

The Arafura and Timor seas north of Australia also
trended colder during 1998 2012. It is probable that this
colder trend resulted from the strong positive IOD in
2011 and 2012 anda weakening La Nifia (Meyers et al,
2007). The I0OD primarily affects the pelagic ecology of
this region through upwelling favourable winds (C urrie
et al, 2013 Kampf, 2015).

There was a relatively broad region of cooling off south-
east Africa below Madagascar where the Southeast
Madagascar and Agulhas currents normally transport
considerable amounts of warm water southward
(Yamagami and Tozuka, 2015). Although the Southeast
Madagascar Current flow is associated with ENSO, this
cooling was consistent throughout the different time -
windows (Fig ure 7.3), suggesting a longer-term effect.
The source of this surface cooling is unclear. A possibil-
ity is the multidecadal rise in subtropical wind stress
and increased Southeast Madagascar Current flow
(Backeberget al, 2012). The increased South Madagascar
Current resulted in a substantial rise in eddy kinetic
energy and, in turn, promoted greater vertical mixing
for this region (Backeberg et al, 2012). Similarly, the re-
gion showed mesoscale patches of warming, consistent
with increased Agulhas and Southeast Madagascar Cur-
rent flow.
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Table 7.1. Relative spatial areas (% of the total region) and rates of change within within the Indian Ocean region that are showing
increasing or decreasing trends in sea surface temperature (SST) for each of the standard IGMES time-windows. Numbers in brackets
indicate the % area with significant (p <0.05) trends. Seeé®Methods? chapter for a complete description and methodology used.

Latitude -adjusted SST data field 5-year 10-year 15year 20-year 25-year 30-year
surface area =56.8million km 2 (2008 2012) (2003 2012) (1994 2012) (1993 2012) (1988 2012) (1983 2012)
Area (%) w/increasing SStrends 66.7% 76.0% 82.6% 96.7% 96.2% 97.8%
(p< 0.09 (26.4%) (47.4%) (58.1%) (87.9%) (89.4%) (91.9%)
Area (%) w/decreasing SSfrends 33.3% 24.0% 17.4% 3.3% 3.8% 2.2%
(p< 0.0 (4.2%) (4.5%) (4.6%) (0.8%) (0.7%) (0.5%)
> 1.0C decad€ warming 24.8% 7.8% 0.0%
(p< 0.0 (19.3%) (7.8%) (0.0%)
0.5 to 1.0C decad€&" warming 18.8% 19.0% 6.6% 2.9% 0.1% 0.0%
(p< 0.05 (6.1%) (18.3%) (6.5%) (2.9%) (0.1%) (0.0%)
18.1% 38.5% 60.3% 86.2% 84.2% 82.2%
(0.9%) (20.9%) (49.2%) (83.3%) (83.3%) (81.9%)
0.0 to 0.1€ decad€&" warming 5.0% 10.7% 15.7% 7.6% 11.9% 15.6%
(p< 0.09 (0.0%) (0.5%) (2.3%) (1.7%) (6.0%) (10.0%)
0.0 toi 0.1°C decad& cooling 4.1% 8.7% 7.1% 2.0% 2.7% 1.7%
(p< 0.09 (0.0%) (0.1%) (0.1%) (0.1%) (0.1%) (0.1%)
0.1 toi 0.5°C decad€ cooling 15.0% 12.7% 9.7% 1.2% 1.1% 0.5%
(p< 0.09 (0.5%) (2.4%) (3.9%) (0.6%) (0.6%) (0.3%)
8.7% 2.3% 0.6% 0.1% 0.0%
(1.5%) (1.8%) (0.6%) (0.1%) (0.0%)
>71.0°C decad¥€ cooling 5.5% 0.3% 0.1%
(p< 0.05 (2.2%) (0.2%) (0.1%)
a) b)
= | 5
45 + 45
40 - 66.7 % 40 1 97.8 %
S 35 42 % 26.4 % p<0.05 35 0.5 % p<0.05 91.9 % p<0.05
< ) 10.3 ¢ ) )5 7 % > 5 ( 7 05
= 30 30
s
£ 25 - 25 4
C 20 : 20
o :
® 15 7 15 -
10 : I 10 -
+ L : |
0 _l Ik——------ l I'..-I--'..—.— 1 0 -I 1 T T 1
-0.50 -0.25 0.00 0.25 0.50 -0.50 -0.25 0.00 0.25 0.50

SST Trends (Clyr) SST Trends (Clyr)

Figure 7.4. The range of SST trends observed over different temporal windows in the Indian Ocean. (a) From 2008 to 2012 33.3%
(66.7%) of the area was cooling (warming); while 4.2% (26.4%) was cooling (warming) significantly (p < 0.05) Rates of cooling and
warming ra nged from 40.50 to +0.50°Gyeartt. (b) Over the longer-term from 1983 to 2012 the rates of temperature change were much
more constrained, ranging from 40.05 to 0.075°Cyeartl. Over this 30-year period, only 2.2% (97.8) of the area was cooling (warming)
while 0.5% (91.9%) wascooling (warming) significantly ( p < 0.05).
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It is suggested that stronger increasing eddy kinetic en-
ergy observed across the Agulhas retroflection (Swart et
al., 2015) added to this spatial mosaic of mesoscale vari-
ability in warming and cooling trends. The spatial pat-
tern of patchy cooling extended across the entire Indian
Ocean atca. 40°S, suggestingthat this effect can be seen
a long way eastward along the edge of the STF. There
was also cooling south of Africa between 20t60°E and
50t 60°S. This probably relates to the longterm positive
trend in the SAM (Swart et al, 2015), which increases the
westerly flow along 60°S, decreasing SST to lowerthan-
normal values (Lovenduski and Gruber, 2005; Verdy et
al., 2006).

Between 1998 and 2012there were upward trends in
chlorophyll awithin the southern Red Sea, Persian Gulf,
and patches through the Gulf of Oman and Arabian Sea
off the coasts of Yemen and Oman that lamgely coincide
with regions of declining SST. The latter are regions of
upwelling that are known to respond to stronger winds
during the summer southwest monsoon season (Yiet al,
2015). The trends in chlorophyll a are clearly dependent
on the temporal window selected with downward
trends for most of this region over the shorter 10-year
window from 2003 to 2012. Over the shortest temporal
window from 2008 to 2012, trends in chlorophyll awere
mixed across the region, although quite strongly nega-
tive in the Persian Gulf (Figure 7.3). A 60year recon-
struction of summer blooms based on SST suggested
that regional summer chlorophyll a concentrations
might have peaked during the very strong upwelling of
1966 (Roxyet al, 2016).

The rise in chlorophyll a from 1998 to 2012 along the
coasts of Java and Sumatra, weakly through the Timor
and Arafura seas and into the Gulf of Carpentaria was
in regions that respond to positive ENSO and |0OD con-
ditions (Currie et al, 2013). Thee climatic indices were
positive on average and trending positive throughout
this 15-year period. Indeed, the 15year period started
with predominant El Nifio episodes and progressed to
include several moderate-to-strong La Nifia events in
the latter half. The mechanisms potentially driving an
increase in chlorophyll a across this diverse region in-
clude upwelling favorable winds off Java and Sumatra,
increased runoff into the Gulf of Carpentaria , and great-
er interocean exchange from the Pacific to the Indian
Ocean for the shallow Arafura and Timor seas.

There were patches of increased chlorophyll a southeast
of Africa and south of Madagascar observed across all
three temporal windows. These patches were also evi-
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dent across the Indian Ocean sector near the STF. In
these regions, the patchy spatial distribution of the in-
creasing chlorophyll a has a strong resemblance to the
spatial pattern of increased SSH and increasing eddy
kinetic energy observed during 1993 2009 (Bakeberg et
al., 2012). Thus, the spatial nature of the increased phy-
toplankton in this region can be hypothesized to be as-
sociated with increased eddy pumping (Falkowski et al,
1991). Eastward, along the STF, it is likely that eddies
with increased deep mixing at this convergence zone
have created this mosaic of increased and decreased
chlorophyll a The most pronounced increases in phyto-
plankton along the Indian Ocean sector of the STF were
observed close to Tasmania, where the STF interacts
with a strengthening East Australian Current (Fig-
ure 7.3).

Mostly at latitudes > 45°S, although occasionally closer
to the equator, there were scattered regions where chlo-
rophyll a was trending upwards. A positive SAM has
been associated with changes in the ocean meridional
overturning circulation, including increased upwelling
of nutrient -rich waters in the region of 60°S (Hall and
Visbeck, 2002), as well as a shallower surface mixed lay-
er depth (Lovenduski and Gruber, 2005). The ENSO also
exerts an influence on phytoplankton in this region; for
example, when a positive SAM aligns with a positive
ENSO event, eddy kinetic energy increases significantly
(Langlais et al, 205). Between 35 and60°S, the spatial
patterns of SST and chlorophyll atrends were quite con-
sistent across all temporal window s examined. Howev-
er, during 2003t2012, the warming and greening was
broader, but patchier. The trend and average condition
of both ENSO and SAM cycles were positive during
these 10 years factors that have been previously linked
to increased chlorophyll ain these regions (Lovenduski
and Gruber, 2005). During this time, the deeply mixed
surface layer of the Sutantarctic Zone (SAZ) and Polar
Front Zone (PFZ) apparently became more conducive
for phytoplankton growth. The mechanism for this re-
sponse is hypothesized to be the upwelling of iron or
shallowing of the surface mixed layer (Carranza and
Gille, 2015).

During 2008t 2012, the south Indian central gyre cooled,
and a broad increase in chlorophyll awas also observed
in that area. The explanation for this strong reversal of
the longer-term trend is not evident at this point and
may merit further investigation. Indeed, most research
has shown the subtropical gyres to be expanding, warm-
ing, and declining in phytoplankton (Jena et al, 2013;
Signorini et al, 2015).
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Table 7.2. Five-year trends (TWO05, 2008 2012) in thetime series of observations from in situ sites in the South Pacific (not including
Continuous Plankton Recorder sites).

. Lat (°E) Cope . . Dia.:
Site-ID Long (°S) SST S Oxy NO3 CHL pods Dia. Dino. Dino.
au-40114 19.18 +
SO CPR Aurora  147.37 - - -
au-40205
AusCPR MEAD 125732303
Line '
au-501@
L 34.05
IMOS N_RSl 151.15
Darwin
au-50138
IMOS NRSi 42.35 + - = = + + - - -
148.14
Esperance
au-5014
IMOS NRSi 36.5 - - - - , - - i -
73.0
Kangaroo Island
au-501@®
IMOS NRSI 7203'417
Ningaloo '
au-501® 4.8
IMOS NRSi 82.00 = = - -
Rottnest Island '
il-10101
Gulf of Eilat NMP %2'88 - - - - - - - - -
Station A '
za-30202
e 11.99
ABCTS Mossel 78.97 -
Bay

p>0.05 negative positive
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http://www.st.nmfs.noaa.gov/copepod/time-series/au-50109
http://www.st.nmfs.noaa.gov/copepod/time-series/au-50107
http://www.st.nmfs.noaa.gov/copepod/time-series/au-50101
http://www.st.nmfs.noaa.gov/copepod/time-series/pe-30103

7.3 Trends from in situ time series

There is a dire paucity of ecological long-term time-

series data openly available for the Indian Ocean (Fig-

ure 7.5). Most of the small number of time series extend

for <10 years. The lack of these data makes it nearly
impossible to even describe the current status of the eco-
system and its pelagic biota or their temporal trends at

the basin scale.

The most heavily sampled region is the coastal zone
around Australia , extending from Darwin (12°S 131°E)
to Tasmania (42°S148°E) mostly in the Longhurst bio-
geographical province No. 2 (Longhurst, 2007), the In-
donesian and Australian Coastal Province (Figure 7.6).
The footprint of these stations indicates that they can
represent temperature and chlorophyll a temporal
trends across a large portion of the adjacent shelf (Oke
and Sakov, 2012; Jonest al, 2015). Within the Australian
portion of this province, the Leeuwin Current (LC) is a
strong influence bringing warm, low -salinity, silicate-
rich water southward from the tropics (Thompson et al,
2011). During 20082012 two stations, Esperance and
Rottnest Island (Table 7.2), showed the most signs of
greater LC effects, such as increasing SST, decreases in
salinity, declining dissolved oxygen (DO), and fewer
diatoms (Figure 7.5). Copepod biomass rose at both
these sites, as did chlorophyll aat Esperance (Figire 7.5).
The latter result is in strong contrast to the general trend
of declining chlorophyll awithin this region (Fig ure 7.3),
possibly reflecting a more localized effect at this near-
shore station or the increased intrusion of productive
STF eddies onto the shelf (Schodloket al, 1997; Cress-
well and Griffin, 2004) . The nearby estuarine site in the
Swan River had 10year trends of increasing tempera-
ture, chlorophyll a and DO, but declines in phosphate
and dinoflagellates. These are strongly influenced by
declining rainfall (Thompson et al, 2015). The Kangaroo
Island site is also located in Longhurst No. 2 near the
extreme eastern end of the Indian Ocean. This site is
influenced by wind -driven upwelling with weak links to
ENSO and SAM (Nieblas et al, 2009). The site showed
declines in nitrate, zooplankton, diatoms, and the dia-
tom/dinoflagellate ratio, with a modest increase in salini-
ty from 2008 to 2012 (Table7.2; Figure 7.5). The declines
in the proportion of diatoms and diatom /dinoflagellate
were found at three stations along the bottom of Austral-
ia. Consistent with satellite data, the time series from the
Gulf of Eilat site in the northern Red Sea showed a
strong increase in temperature and dissolved oxygen
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and a weak increase in chlorophyll a between 2008 and
2012 (Table7.2).

Salinity, nitrate, phosphate, and silicate all trended
down over the 5-year time-window between 2008 and
2012. The only othertime series currently available from
the Indian Ocean is at the western extreme at Mossel Bay
on the Agulhas Bank. This is one of two regions on the
Bank that have been sampled since 1979 (Hutchingset
al., 1995). There was a strong negative trend in zooplank-
ton biomass over the 15year time-window from 1998 to
2012 (Table7.2).

In summary, across the few in situ time series available
for the Indian Ocean, the trends in temperature were
generally upward , while salinity trended down. Trends
in nitrate were also generally downward , but other nu-
trients and biology were variable. T hese results suggest
that local or shorter-term complexities in the oceanogra-
phy are important in determining ecosystem responses
even in the presence of a pervasive warming trend.

7.4 Consistency with previous analysis

Over the 15year time-period from 1998 to 2012, the av-
erage|OD and ENSO indices were positive and trending
positive, while the SAM was positive , but trending
slightly more negative. These shorter climatic cycles
impact most significantly on the Indian Ocean environ-
ment and its ecology. The environmental impacts tend to
oscillate, with some level of periodicity associated with
these climate cycles (Eccles and Tziperman, 2004; Yama-
gata et al, 2003; Fogtet al, 2009).

The ENSO climatic driver is the primary source of inter-
annual variability in climate throughout most of the
Pacific Ocean and portions of the Indian Ocean (Weiging
et al, 2014; Caiet al, 2015). It is a coupled ocean and at-
mosphere cycle that can be represeted by the Southern
Oscillation Index (SOI) based on the difference in surface
air pressure between Tahiti and Darwin (Australia).

A persistently positive SOI (lower pressure over Darwin
than Tabhiti) is a La Nifia event. During such an event,
strong Pacific trade winds and surface currents push
warm water in the tropics westward causing increasing
SST, increased steric height, greater rainfall and reduced
SSS. The increased volume of seawater transported from
the Pacific Ocean to the Indian Ocean by a La Niia event
has been estimated at 5 Sv (Meyers1996) and this con-
tributes to a stronger Leeuwin Current.
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Figure 7.5. Map of Indian Ocean region time -series locations and trends for select variables and IGMETS timewindows. Upward -
pointing triangles indicate positive trends ; downward triangles indicate negative trends. Gray circles indicate time -series sites that fell
outside of the current study region or time -window. Additional variables and time -windows are available through the IGMETS Ex-
plorer (http://IGMETS.net/explorer ). See?Methods? chapter for a complete description and methodology used.
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